The purpose of this study was to examine the hypothesis that improved prediction of bioenergetics may be achieved when proxies are designed to closely simulate gold standard laboratory protocols. 
showed that mean predicted from SST was not significantly different compared to TT (p>0.05). In contrast, the equivalent value from MST was significantly higher (p<0.001) than TT. AG demonstrated a range of error equal to -0.2±2.6 (ml·kg -1 ·min -1 ) with a coefficient of variation of ±5.6%. It is concluded that, compared to MST, the SST had a higher agreement with TT. The latter may well be explained by the closer simulation in bioenergetics between the two protocols (i.e. the continuous nature of SST provides a closer proxy of TT).
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Introduction (2 nd heading in importance)
Field assessment of bioenergetics [namely maximal oxygen uptake ( )] with minimal equipment and cost presents a continuous interest for many researchers seeking information on cardiorespiratory elements associated with health-related fitness and performance enhancement (1-3). Although voluminous literature has appeared about the attributes of this approach (4, 5) , it remains curtailed mainly because the majority of proxies represent field measures designed to predict laboratory bioenergetics which, in turn, are used to provide information on 'field performance'. It seems, therefore, that minor methodological flaws in proxy-design may have significant impact on assessing cardiorespiratory fitness and/or performance.
The majority of proxies assessing bioenergetics utilize various exercise protocols and powerful statistical tools in order to link specific field-performance indices (e.g.
velocity, time, heart rate) with measured -usually -during laboratory treadmill running (2, 6). However, it seems reasonable to suggest that prediction power may be limited when physiological and/or biomechanical disparity between the proxy and the gold standard laboratory test are considered. Lack of specificity in factors such as intensity, duration, exercise mode, technique and, particularly, musculature employed may account for significant performance differences between the proxy and the gold standard. This may explain the reduced precision frequently reported in relation to fieldtesting (3, 7, 8) .
The 20m multistage shuttle run test (MST) (6), a widely-used proxy-assessment of treadmill , incorporates stopping, turning and side-stepping at the end of each 20-meter shuttle. However, such manoeuvres may considerably increase net muscle activation compared to steady-state forward running (9). Since energy utilization depends largely on the muscle mass being employed (10) , variations between musculature activated during the MST and the treadmill test will probably result in performance discrepancies. Conversely, it seems reasonable to suggest that improved prediction of bioenergetics may be achieved when proxies closely simulate the laboratory protocols.
Therefore, the main purpose of this study was to examine the effects of minimized stopping, turning and side-stepping manoeuvres on MST precision. To achieve this, a Treadmill inclination throughout testing remained at 0° while was confirmed when at least two of the following criteria were met: 1) maximal heart rate greater than 185 bpm, 2) respiratory quotient greater than 1.1, and 3) detection of plateau in Unlike the inclined treadmill running adopted by Léger and Gadoury (6), the horizontal treadmill protocol used herein has a closer agreement with field running (12) .
Nevertheless, since the MST has been designed to predict of a specific treadmill test, this protocol-diversity was addressed by introducing a new prediction model based on the current data (see Statistical Analysis section). This test was conducted according to published procedures (6) . Subjects performed the test individually and were instructed to run between two lines 20m apart in synchrony with a sound signal emitted from an audiocassette. The test was terminated when subjects were unable to maintain the prescribed pace for three consecutive signals.
Statistical analysis (3 rd heading in importance)
Stepwise MST ) was also developed, using the same model group data, to cater for the fact that a different treadmill protocol was originally utilized (6) . Correlation coefficients and analysis of variance (ANOVA) were used to detect possible bias between the actual and the predicted values from the two models. Thereafter, data from the validation group were used to cross-validate EQ SST , EQ MST , as well as the original equation reported by Léger and Gadoury (6) (EQ LÉG ). Correlation coefficients, ANOVA, 95% limits of agreement analyses (LIM AG ) and percent coefficients of variation (CV % ) were adopted for both validity and reproducibility assessments according to known procedures (13) .
The level of significance for all statistical analyses was set at p<0.05.
Results (2 nd heading in importance)
Prediction of
Stepwise linear regression analyses revealed that the maximal attained speed (MAS) Table 3 .
*** Table 3 near here *** Reproducibility assessment (3 rd heading in importance) The main purpose of this study was to examine the hypothesis that improved prediction of bioenergetics may be achieved when proxies are designed to closely simulate gold standard laboratory protocols. To fulfil this, we investigated the validity of the widelyused MST against the SST. The latter test was designed to minimize stopping, turning and side-stepping manoeuvres -thus closely resembling the gold standard forward treadmill running. The main finding was that, compared to the classic MST, the SST had a higher agreement with the gold standard laboratory test in predicting and assessing relevant performance parameters. Furthermore, the SST preserved the high reproducibility previously reported for the classical version of the test (i.e. MST) (1). (17), according to our knowledge, specificity of proxies has not been scrutinized hitherto. Application of the specificity principle in proxies predicting would suggest similar exercise mode, intensity, duration, technique and muscular action between the laboratory protocol used as gold standard and the proxy. Results from the present study support the latter notion demonstrating that proxies should be designed to assess bioenergetics should mimic the intensity, duration, exercise mode, technique, and muscular action of the gold standard laboratory test in order to achieve the highest accuracy and precision.
The MST utilizes information from shuttle running to predict which has been derived from forward treadmill running. However, published reports suggest that manoeuvres incorporated in shuttle running may increase net muscle activation compared to forward running (9) . In contrast, the SST prediction has been based on fairly similar running modes (i.e. continuous 'elliptic' field-running and forward treadmillrunning). Since energy utilization depends largely on the muscle mass being employed (10) , variations in the mechanics -and, therefore, musculature activated -between the two field tests and the gold standard contribute significantly to the observed variations in , maximal velocity, and test duration. Furthermore, these differences allude to the notion that intensity in the MST is markedly increased compared to the gold standard test. These results are also in line with previous reports questioning metabolic (8, 18, 19) and performance-based (20) aspects of the classical MST.
In addition, it seems tenable that the aforementioned manoeuvres incorporated in MST represent biomechanical complexities which are dealt by each subject according to individual skills. Although agility, strength, and sport-specific skills are very important in sport performance, these factors should be evaluated individually by element-and sportspecific tests. The present study is limited by the relatively small sample spectrum and by the lack of examining the effect of diverse sporting backgrounds on SST and MST performance. Within these limits, it is concluded that improved prediction of bioenergetics may be achieved when proxies closely simulate laboratory protocols.
Although the rapid screening of large groups of individuals by practical proxies such as the MST is acknowledged, scientists should appreciate the validity and precision required to accurately assess cardiorespiratory fitness levels and advise the individual. Note: ANOVA detected no significant differences between the two sub-groups in any of the parameters presented.
Key: BMI = body mass index. Note: ANOVA detected no significant differences in any of the parameters presented.
Key: SST 1 = first trial; SST 2 = second trial; = maximal oxygen intake (ml·kg 
